










による前立腺体積，治療計画 CT により算出された線量体積因子（PTV の Dmin%，D90%，dose 
non-uniformity ratio：DNR，homogeneity index：HI，conformity index：CI，尿道最大線量，直
腸最大線量），治療時期（一次解析として前期：～2011年１月，中期：2011年２月～９月，後期：
2011年10月～2012年５月，さらに追加解析として直近：2012年６月～），アプリケーター針刺入
本数について，相互の関連を JMP 14，Student のｔ検定を用いて検討した．一次解析の結果，刺
入本数は前立腺体積と相関せず，刺入本数が多い群は少ない群に比べ尿道最大線量が有意に低かっ
た．他の線量体積因子では有意差はないものの，刺入本数が多い群で PTV の Dmin% は高値，






























































































































































小（<20mL） 中（20-25mL） 大（25mL≦） 小 vs.中 小 vs.大 中 vs.大




少（９-13） 中（14-15） 多（16-18） 少 vs.中 少 vs.多 中 vs.多
PTV Dmin% 45.3±1.95 46.2±1.73 47.2±1.10 0.706 0.407 0.654
PTV D90% 78.7±2.23 81.1±1.90 83.3±1.28 0.360 0.078 0.399
DNR 0.521±0.008 0.515±0.009 0.506±0.009 0.609 0.212 0.464
HI 0.479±0.008 0.485±0.009 0.494±0.009 0.609 0.212 0.464
CI 0.764±0.014 0.779±0.011 0.791±0.009 0.333 0.095 0.487
尿道最大線量 131±1.25 129±1.37 127±1.07 0.343 0.048 0.302
直腸最大線量 59.9±1.55 61.6±1.38 60.8±1.49 0.428 0.672 0.709
平均±標準誤差，p値は Studentの t検定による
PTV：planning target volume，Dmin%は PTVの最低線量 /処方線量，D90%は PTVの90％がカバーされる線量 /処方線量，



























































前期 中期 後期 前期 vs.中期 前期 vs.後期 中期 vs.後期
PTV Dmin% 45.1±1.40 43.7±1.95 49.2±1.47 0.548 0.064 0.017
PTV D90% 78.7±1.52 78.0±2.20 85.6±1.67 0.785 0.006 0.004
DNR 0.519±0.006 0.525±0.009 0.500±0.009 0.630 0.089 0.034
HI 0.481±0.006 0.475±0.009 0.500±0.009 0.630 0.089 0.034
CI 0.761±0.010 0.763±0.013 0.805±0.011 0.873 0.004 0.009
尿道最大線量 132±0.89 130±1.41 126±1.23 0.506 <0.001 0.005
直腸最大線量 62.8±1.45 60.7±1.80 59.1±1.18 0.330 0.067 0.435
アプリケーター針本数 13.9±0.28 13.5±0.40 15.6±0.28 0.367 <0.001 <0.001
前立腺体積 20.7±1.08 21.1±0.89 21.1±0.80 0.807 0.784 1.000
平均±標準誤差，p値は Studentの t検定による
PTV：planning target volume，Dmin%は PTVの最低線量 /処方線量，D90%は PTVの90％がカバーされる線量 /処方線量，
DNR：dose non-uniformity ratio（DNR），HI：homogeneity index，CI：conformity index
135神谷，他：前立腺癌高線量率組織内照射におけるアプリケーター刺入本数
図１　治療実施時期別の線量体積因子
Dmin%: planning target volumeの最低線量 /処方線量
D90%: planning target volumeの 90％がカバーされる線量 /処方線量
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The impact of needle number on the dose-volume parameters of  
high-dose-rate brachytherapy for prostate cancer
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ABSTRACT   In high-dose-rate brachytherapy (HDR-BT) for prostate cancer, the number 
and arrangement of applicator needles have a decisive impact on radiation dose distribution. 
Brachytherapy techniques largely depend on the operator’s experience, policy and devices. 
Furthermore, the procedures of needle insertion, dose prescription and plan optimization vary 
according to institutions. The aim of this study was to determine the optimal needle number for 
achieving the best quality of HDR-BT for prostate cancer by analyzing the relationship between 
needle number and dose-volume parameters. We included 135 patients with newly diagnosed 
prostate cancer who received HDR-BT between June 2010 and October 2012. Treatment 
planning was performed on Oncentra® using volume optimization, followed by manual graphical 
optimization. Dose-volume parameters, such as Dmin% and D90% of the planning target 
volume (PTV), dose non-uniformity ratio (DNR), homogeneity index (HI), conformity index (CI), 
and maximum dose to the urethra and rectum, were calculated on the treatment planning 
system. Student’s t-test was performed to determine the correlation of these parameters and 
prostate volume with needle number using the JMP® 14 software. We divided the treatment 
period into three phases: early, middle, and late; needle number and dose-volume parameters 
were analyzed according to these periods. Needle number was not correlated with prostate 
volume but showed correlations with several dose-volume parameters. Higher needle number 
was significantly correlated with lower maximum dose to the urethra; furthermore, higher needle 
number had a tendency to show correlations with higher Dmin% of PTV, higher D90%, lower 
DNR, higher HI, and higher CI. These results indicated that a higher needle number could 
achieve better radiation dose distribution. Concerning the treatment period, the number of 
needles used in patients was higher in the late period than in the earlier period. Based on these 
results, we started using the highest number of needles that could be inserted safely; this led to 
the achievement of better radiation dose distribution. In conclusion, our results show that a high 
needle number can achieve better quality of brachytherapy for prostate cancer. We think that 
using 16 or 17 needles is the most appropriate. (Accepted on October 9, 2019)
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